Abstract
Introduction 31 32
As opposed to aridity that is restricted to regions of low rainfall, drought is a recurrent feature 33 of climate variability that occurs in virtually all climate zones 34 2005, Campos, 2015a), therefore, Brazil affords no sanctuary. In northeast Brazil, for example, 35 whose impacts of severe droughts are well documented (e.g., Rohman 2013), devastating 36 drought events trace back to the late 1500s (Lemos, 2003) . As reported by Magalhães et al. 37 (1988), the 1877-1879 droughts resulted in widespread famine that killed 4% of the population 38 and displaced 3 million people. The 1979-1983 droughts on their part affected 18 million 39 people, leading the government to spent about US$1.8 billion on emergency drought relief 40 programs that consisted of distribution of food baskets, creation of emergency work fronts, and 41 supply of portable water to communities (Lemos, 2003) . Populations in other areas of Brazil are 42 increasingly becoming aware of their vulnerability to drought due to water restrictions, power 43 blackouts, and empty water reservoirs (Getirana, 2016) . A good example is that of Cantareira 44 water reservoir system, which provides water to approximately 8.8 million residents of Sao 45 Paulo, Brazil's largest city. It registered less than 11% of its capacity in 2015 (VoA, 2016) . This 46 unprecedented drought may be a consequence of the depletion of moisture influx from the 47 Amazon basin that normally brings rain to Central and Southeastern Brazil (Laurence and world (Sheffield and Wood, 2008) , the more recent special report (SREX), (IPCC, 2012 ) is more 58 cautious, that there is no clear evidence of trends in the observed drought characteristics. 59 However, given that water resources are increasingly under pressure from rapidly growing 60 demand associated with growing population and economic development, drought vulnerability 61 to societies can remarkably be exacerbated (Vörösmarty et al., 2000) . This is particularly true, if 62 drought management policies remain unchecked. Like many governments worldwide, Brazilian government has generally perceived drought as a 65 natural risk to be mitigated through crisis management (i.e. by employing short term solutions). 66 For example, the Brazilian government devoted itself to the construction of massive 67 waterworks -reservoirs -and cloud seeding in the 1950s to 1990s programs but with little 68 success (Lemos, 2003) . It is evident that disaster-driven responses are not part of the learning 69 needed to build resilience in socio-economic conditions (Wilhite et al., 2014) . In addition, crisis 70 solutions often favour poorer drought risk managers and climatologically marginal regions as 71 recipients of drought relief assistance (Mpelasoka et al., 2008) . Therefore, the increase in 72 vulnerability of societies to droughts in many regions is a wakeup call for a more risk-based An overview of the risk-based concept and key principles of drought policy by Wilhite et al. 76 (2014) provides a template (generic process) for the development of national drought policies. 77 Technically, drought risk management requires adequate long-term statistics of the attributes 78 of drought events (Kiem and Austin, 2013 For this study, the SPI computing routine was applied to gridded monthly rainfall data to were calculated as the ratio of the counts of the respective events to the total number of 244 events. Finally, the probabilities of severe and extreme drought years were determined by 245 multiplying the probability of drought years and the probability of severe, and that of extreme 246 events, respectively. Brazil cannot be over emphasized. Figure 4b shows much less probability of severe 302 droughts of 1 to 5%, with the northern and parts of western Brazil featuring higher probability 303 than elsewhere. Figure 4c shows that extreme droughts at 3-month timescale are extremely 304 rare with probability range of 0.2 to 0.9%. Although the overall probability for the droughts at and 27%, with lower values over the northern areas than those over the southern areas. The 315 probability of severe droughts ranges from 6-10% and 10-14% for northern and southern Brazil, 316 respectively (Figure 5b ). On the contrary, the northern sector exhibited higher probability (7-317 11%) than the southern sector with average probability of about 5% (Figure 5c ) for the extreme 318 drought years. For the 24-month timescale droughts (Figure 5d ), the overall probability for 319 drought years is 16-20% over the northwestern and some parts of northeastern Brazil. The 320 central and southern sectors show slightly higher probability for drought years of 21-24%. In 321 5e, the severe drought years over the northwestern show probability of 2-5%, and relatively 322 higher elsewhere (6-10%). The probability of extreme drought years at 24-month timescale is 323 10-12% with higher values mainly over northern Brazil. 324 In summary, the probability of overall droughts at short timescales (e.g., 3-month and 6-month 325 timescales) was estimated to be about 20% on the average (once in five years) across Brazil.
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However, the probability of severe and extreme droughts drops to about 8% (1 in 12 years) and On the contrary, for droughts at medium to long timescales (e.g., 12-month and 24-month 333 timescales), regional differences in the probability of occurrences emerge. America. This is consistent with the Brazil data as shown in Figure 13 for the 1958-1997 period, 418 nevertheless, that trend does not account for the multi-decadal variability present in the long- The differences between the SPI and SRI are larger at short-timescales than those at long- TS3 TS6 TS12 TS24 TS3 TS6 TS12 TS24 TS3 TS6 TS12 
